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fj . ABSTRACT 

pH ^ The AA^ — T,N coupling in A-hypernuclei and AA — 'EN coupling in AA- 

hypernuclei produce novel physics not observed in the conventional, non- 
(^ ' strange sector. Effects of A <-> S conversion in ^H are reviewed. The role of 

^ ■ AA^ — T,N coupling suppression in the ^ = 4, 5 A~hypernuclei due to Pauli 



blocking is highlighted, and the implications for the structure of ^^B are 
explored. Suppression of AA — 'EN conversion in yVA^e is hypothesized as 
the reason that the < Vaa > matrix element is small. Measurement of \/Ji 
is proposed to investigate the full AA — 'EN interaction. The implication for 
A A analog states is discussed. 



1. Introduction 

Since tlie discovery of the first hyperfragment in a balloon flown emulsion stack 
some forty years ago, physicists have labored to understand how the addition of 
the strangeness degree of freedom (5* = —1 for A and S and S = —2 for S and 
AA) alters our picture of nuclei and the baryon-baryon force. Because the A and S 
masses differ markedly from the nucleon mass, SU{3) symmetry is broken. How it is 
broken is a question of importance to our fundamental understanding of the baryon- 
baryon interaction. Furthermore, the inclusion of an 5 7^ degree of freedom (flavor) 
in the nucleus adds a third dimension to our evolving picture of nuclei. We have 
discovered that the physics of hypernuclei is unique — different from the conventional 
nuclear physics that we have investigated for more than sixty years. Unlike the A^A^ 
interaction which is dominated by one pion exchange (OPE), the AA^ interaction has 
no OPE component. Thus, the shorter range aspects of the nuclear force may no 
longer be hidden under the long range OPE mechanism. AA^ — EA^ coupling plays a 
significant role in the hyperon-nucleon [YN) force in contrast to the very limited role 
that A^A^ — A^A coupling appears to play in the S = sector. This is due in part to 
the fact that ms — Tn\ ~ 80 MeV, whereas m,/^ — rriN ~ 300 MeV; furthermore, the A 
is a broad resonance that decays via the strong interaction, so that its influence may 
be spread over a broad energy range. However, it is also possible that baryon coupling 
within the octet differs from the coupling between members of the baryon octet and 
the isobar decuplet. Extending the analysis to the S = —2 sector of the octet, one 
would anticipate strong AA — EN (YY) coupling; m^iy — ttiaa — 25 MeV. Pauli 
blocking of the nucleon in the coupled-channel interaction may well explain why one 
extracts a relatively weak matrix element from the three observed AA-hypernuclei, 
in stark contrast to the strong attraction that one expects because it falls in the same 
multiplet as the nn interaction. 

We will review here some of the interesting aspects of hypernuclei which demon- 
strate that 5* 7^ physics is different. In addition, we will explore how few-baryon 
systems can be used to constrain our models of the YN and YY interactions, and we 
will reflect upon what we have so far achieved in understanding the baryon-baryon 
force in this sector. 



2. The Role of AA^ - ^N Coupling 

We have only to examine the few-body data to see that AA^ — EA^ coupling plays a 
significant role in A-hypernuclei. In Table 1 we summarize the A separation energies, 

Ba{aA) = B{aA)-B{A-1), 

for the s-shell A-hypernuclei [|l], 0) Hi along with 7 de-excitation energies @, ||, where 
they have been measured. 
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Table 1. Hypernuclear A-separation energies and excitation energies in MeV 



hypernucleus Ba E 
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iH 0.13±.05 

XB. 2.04±.04 1.04±.04 

iHe 2.39±.03 1.15±.04 

iHe 3.10±.02 



The charge symmetry breaking (CSB) in the A = 4 isodoublet is obvious: ^.He 
is more bound than ^H by AB^ = 0.35 MeV. The Ap interaction is stronger than 
the An interaction. [This CSB is almost 3 times that estimated for the '^H - ^He 
system once the Coulomb energy is taken into account: B{^}i) — i?(^He) — Ec — 
8.48 - 7.72 - 0.64 ^ 0.12 MeV]. One needs no theoretical calculation to see the CSB 
in the A-hypernuclei separation energies, because the Coulomb energy of the ^He 
core essentially cancels that of XHe. The second order Coulomb effect due to the 
compression of the ^He core in ^He by the addition of the A actually increases AB\ 
by 0.01 - 0.02 MeV. This CSB provides a clear signal for the importance of AA^ — J^N 
coupling in the YN interaction. The (S"*", S°, S~) mass splitting is some 9 MeV, or 
about 10% of the A — E mass difference. Including this alone accounts for a large 
part of the CSB in the YN interaction. 

That AA^ — TiN coupling is more significant in A-hypernuclei than is A^A^ — A^A 
coupling in conventional nuclei can be seen by comparing A separation energies from 
^H, ^He, and ^He with neutron separation energies from ^H, ^H, and ^He. In the non- 
strange sector we know that the ratio of neutron separation energies for neighboring 
s-shell nuclei is close to a constant: 

i?„eH)/5„(2H) ^ ^ = 3 

and 

90 
S„(^He)/5„(3He) =^ y =^ 3 . 



Thus, one might anticipate that 



B^ilRe) ~ 3BA(lHe) 
~ 6 MeV 



for model calculations in which Van is fitted to the low energy AA^ scattering pa- 
rameters and reproduces the observed value of B\{\}ie) ~ 2 MeV. This is, in fact, 
confirmed by several model calculations 0, 0; i|) using central potentials to rep- 
resent the AN force. In contrast, the experimental value for i?A(^He) is 3.1 MeV 
|]1|, 0, 1^ . Similarly, for the hypertriton, one might estimate 

B^ilE) ^ l/3Bj,{\}ie) 
~ 0.7 MeV. 

This is again confirmed by several model calculations using central potentials to 



represent the AA^ interaction |Ty, |ri|, |12|. In contrast, the experimental value for 
5a (iH) is 0.13 MeV. 

In other words, our carefully developed intuition coming from the study of con- 
ventional, nonstrange nuclei fails to provide a sound means of extrapolating into the 
strangeness sector. The physics of A-hyper nuclei is new and different. A large part of 
this difference can be traced to AA^ — SA^ coupling. (If A^A^ — A^A coupling played as 
significant a role in the nonstrange sector, then our modeling of nuclei would have re- 
quired more sophistication. Our shell model calculations, which assume a mean field 
interaction independent of the quantum numbers of the core, would have required 
serious modification.) Why do we suggest that a major factor in the anomalously 
small binding of ^He is the strong suppression of AA^ — SA^ coupling? Converting 
a T=0 A into a T=l S requires the simultaneous conversion of the ^He core of ^He 



into a T=l, even-parity ^He* excited state |13]. Such excited states lie high in the 
continuum. They also have wave functions with more structure than the ^He ground 
state, which reduces the transition matrix element. Thus, the strength of the full 
coupled-channel 





interaction is expected to be significantly reduced in ^He, as the off-diagonal transi- 
tions are partially Pauli blocked. That AA^ — EA^ coupling is suppressed in ^He is 



confirmed by Monte Carlo variational calculations WM using the contemporary Ni- 



jmegen soft core potential |^, although the AA^ — EA^ coupling is so strong in this 



Nijmegen model that the A = 5 system is actually unbound in the calculation. (The 
anomalously small binding has also been interpreted as a repulsive ANN three-body 
force in models which neglect explicit AA^ — EA^ coupling ||16|| .) 

Similarly, using a YN interaction that incorporates AA^ — EA^ coupling leads to a 

reduction in the binding of ^H compared to that from a single-channel AA^ potential 

T^ . The hypertriton can be thought of principally as a A bound tenuously to a 



deuteron. The E isospin (T = 1) differs from that of the A (T = 0). Therefore, 
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converting the A into a S requires simultaneously converting the deuteron core into 
a ^Sq A^A^ pair. The A^A^ ^Sq interaction is much weaker than the tensor dominated 
^Si-^Di force that binds the deuteron. Thus, incorporating AA^ — SA^ coupling into 
the interaction model leads to a reduction in the |H binding. Such an effect might 
be interpreted as a repulsive ANN three-body potential. However, if one formally 
eliminates the SA^ channel (producing an energy-dependent AA^ potential plus a true 
ANN potential), one finds in explicit calculations that the true ANN three-body 
force is attractive |jl2| . Nonetheless, it is the case that the anomalously small binding 



of the hypertriton is the result of strong AA^ — EA^ coupling in the S = —1 baryon- 
baryon force. 

3. The YN Scattering Data 

The physics of the S = —1 sector clearly differs from that of the S = sector. Can 
we understand the A separation energies in terms of the S = —1 hyperon-nucleon 
interaction? Unfortunately the AA^, SA^ data are very limited. There are some 600 
events[|3, |l|, ^ below 300 MeV/c and another 250 events^ between 300 and 1500 



MeV/c — total cross sections and some angular data. The lack of a significant data 
base severely inhibits our ability to provide a definitive analysis of hypernuclear data. 

The Nijmegen group has taken the lead in modeling ^1, |2^, 15 1 the YN potential 



by fitting a one-boson-exchange (OBE) hypothesis to the combined A^A^ and YN data 
base using SU{3) constraints. Their pioneering effort to construct such potentials has 
been summarized by deSwart in a recent Seminar on the hyperon-nucleon interaction 
Timmermans elaborated further upon the model [^. The Jiilich group have 



also produced YN potential models p3, ER 12^ , both energy dependent and of the 



OBE form (in q-space). Reuber discussed the Jiilich approach at the same meeting 
| |28| | . The models are not the same. For example the F/D ratios differ significantly, 
which affects the strength in the SA^ channel. 

In Table 2 we summarize for several of the models their charge-independent low- 
energy scattering parameters — the scattering lengths and effective ranges. A quick 
comparison illustrates the need for better YN data to constrain the potential param- 
eters. Nonetheless, based upon the models, the following observations can be made. 
The AA^ — SA^ coupling is strong. The A(T = 0) x N{T = |) direct interaction 
contains no OPE, although a second order OPE force is generated through AA^ — J^N 
coupling. The short range aspects of the baryon-baryon force, such as heavy meson 
exchange, play a more important role. Oka recently reviewed the Tokyo quark-cluster 
modeling of the short range properties of the YN interaction [^. It is in the YN 



sector that one begins to find differences between the OBE and quark cluster models 
of the baryon-baryon force. For example, the OBE potential exhibits strong short 
range attraction in some SA^ channels, whereas the quark cluster approach appears 

5 



Table 2. The charge- independent scattering lengths and effective ranges in fm for 
the YN potential models listed 



Model 


Ref. 


af 


K 


a* 


r* 


Nijmegen D 


i^ 


-1.90 


3.72 


-1.96 


3.24 


Nijmegen F 


n 


-2.29 


3.17 


-1.88 


3.36 


Nijmegen SC 


m 


-2.78 


2.88 


-1.41 


3.11 


Jiilich A 


n 


-1.56 


1.43 


-1.59 


3.16 


Jiilich A 


m 


-2.04 


0.64 


-1.33 


3.91 



to yield consistently short range repulsion. 

4. The A = A Isodoublet 

4-1. Charge Symmetry Breaking 

We have remarked already that the large CSB in the A = A isodoublet ground- 
state binding energies provides strong evidence for the important role of AA^ — SA^ 
coupling in the YN interaction. How well can this CSB be understood in terms of 
the free AA^ interaction? The Nijmegen models predict a noticeable charge symmetry 
breaking: V^p 7^ Vau- [Recall that strong A — E conversion leads to CSB because of 
the mass difference in the S isospin triplet.] The Ap and An scattering lengths and 
effective ranges from Nijmegen model D are compiled in Table 3. 

Table 3. The charge-dependent scattering lengths and effective ranges in fm for the 
Nijmegen model D 



channel 



Ap 



An 



-1.77 



-2.03 



3.78 



3.66 



-2.06 



-1.84 



3.18 



3.32 



One can use a folding prescription to generate an effective two-body (A-nucleus) 
potential with which to calculate Bj^{\H.e) and B/^{\}i). The resulting AB\ from this 
approach (in terms of two-body dynamics) using s-wave separable potentials fitted 
to the low-energy scattering parameters in Table 3 is 0.21 MeV. If one allows for 
compression of the nuclear core (due to the added binding of the A), one can increase 
this to 0.24 MeV for a 5% core compression. In contrast, using exact four-body 
equations and the identical separable potentials, one finds a value of A_Ba = 0.43 
MeV [0. That is, true 4-body dynamics yields a value for AB\ about twice that 
which comes from a model utilizing the same potentials but approximate two-body 
dynamics. 

This perhaps surprising result can be simply understood. One can demonstrate 



T|, 32 1 for simple potentials that \a\ > \a'\ implies that potential V is stronger than 
potential V in an n-body calculation, where n = 2, 3, 4. That is, the potential V is 
uniformly stronger than V, as intuition would lead one to expect because a represents 
the overall strength of the interaction. In contrast, for r > r', the same relation holds 
only for n = 2. (The larger the potential range, the stronger is the potential in a two- 
body sense.) However, if ra = 3, 4, then r > r' means that V is weaker than V. Recall 
Thomas' result |^ from 1935: If in a three-body system the range of the force —>■ 



for one pair, then the three-body binding becomes infinite. Therefore, the CSB in the 
A = A isodoublet can be understood in terms of the scattering length and effective 
range differences inferred from Table 3. The spin-singlet interactions tend to average 
in the two systems and contribute little to the A separation energy difference; on the 
other hand, the spin-triplet interaction in ^He is pure Ap while that in ^H is pure 
An. We see that Aa and Ar for the spin-triplet potentials will produce compensating 
effects in a two-body, folding potential approximation (reducing the estimate of CSB 
in the isodoublet) but will add constructively in a true four-body calculation. Thus, 
we understand that the difference between the 0.21 MeV and 0.43 MeV quoted above 
for identical separable potentials comes from the dynamics of the calculations. When 
one looks at details of few-body systems, exact model calculations can play a crucial 
role in a correct interpretation. 

We note in closing this discussion that tensor forces cannot be neglected; they are 
known to be less effective in binding few-body systems than are central forces. When 
a tensor component is included in the the AA^ spin-triplet interaction, the binding 
energy difference in the A = 4 isodoublet is reduced from 0.43 MeV to 0.37 MeV. 

4-2. The Excited States 

The ^H/j\^He system is even more interesting because there exists a particle-stable 
excited state for each species. The ground states are 0"*", the excited states are 1+. 
It is therefore tempting to argue that the measured E^ transition energies provide a 
direct determination of the AA^ spin-spin interaction. However, we suggest 1) that 
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is not the case, 2) that AA^ — UN couphng and the complex structure of the A = 4 
A-hypernuclei must be taken into account in any serious calculation, and 3) that the 
improper modeling of ^H as [Ax'^H]''^] is likely the explanation for the "missing" 7-ray 
in the ^^B system. 

The existence of particle-stable excited states presents a unique opportunity to 
test our models of the YN interaction. Fitting both the 0+ and l"*" states within the 
same model is a nontrivial task. AA^ — SA^ coupling, as a crucial feature of the YN 
interaction, plays a large role. Furthermore, the complex nature of the four-body 
system is important. The 1^ state is not just formed from the 0^ state by a spin flip 
of the A. 

Table 4. The AA^ scattering lengths and effective ranges in fm for the 
Stepien-Rudzka and Wycech model 



channel 



spin-singlet spin-triplet 



a(fm) 
ro(fm) 



-1.97 



3.90 



-1.95 



2.43 



Consider a model example in which the Stepien-Rudzka and Wycech [Q separable 
potential approximation to the Nijmegen model D is employed. The scattering lengths 
and effective ranges are displayed in Table 4. If one uses effective AA^ potentials 
fitted to these parameters {i.e., explicit AA^ — J^N coupling in the YN interaction is 
approximated by constructing a AA^ potential that reproduces the scattering length 
and effective range of the full interaction) in a full four-body calculation, then one 
obtains for the total binding energies 



fi(0^ 



10.7 MeV 



5(1+) = 11.7 MeV. 

The order of the states is inverted; the 1+ is the ground state. The reason is clear if 
one looks at the average AA^ potential in the two cases. One finds: 



0+: V, 



AN 






and 



1+: V^ 



AN 



AN 



2 

^AN + a ^^N- 



Although V^^ from Table 4 is stronger than V^^ in a two-body sense, it is the 
effective ranges that control the situation. The scattering lengths are essentially the 
same. Because ro(^S'o) is significantly larger than ro(^5'i), the potential V^^ is weaker 
than the potential V^^ in a full four-body calculation. 

However, the nuclear core in ^H is not an elementary object. It is a (J = ^, 
T = |) composite of three nucleons. Converting a T = A into a T = 1 E necessarily 
brings in T = | ^H* states. These lie high in the continuum (just as in the case 
of ^He mentioned previously) and have more spatial structure than the ^H ground 
state. Therefore, the A — S conversion in the medium is expected to be suppressed 
compared to its effect in the free KN — T^N interaction. Taking an extreme model 
approximation of dropping the parts of the V\n-t.n interaction that couple through 
T = I ^H* states, one can construct appropriately modified AA^ effective interactions 



which yield |^, in the same full four-body calculation: 

5(0+) = 9.6 MeV 

fi(l+) = 8.2 MeV. 

That is, one obtains a proper ordering of the states. More importantly, this demon- 
strates that E^ is not a measure of the AA^ spin-spin interaction. 

How realistic are such separable potential calculations? Monte Carlo variational 
calculations made with the Nijmegen soft core potential have obtained -8(0"*") ~ 
1.5 MeV, while the 1"*" state is unbound [T^]. The A — S conversion suppression 



is confirmed, although it is too severe to match the data. Our analysis indicates 
that the YN force modeling problem lies in the sizeable strength in the Vxn~t.n 
tensor potential in the spin-triplet channel. Second order tensor effects become very 
important when effectively 2 | YN pairs reside in the spin-triplet state. Such effects 
are well known in few-nucleon physics and play a significant role also in hypernuclei. 
The AA^ — TiN tensor coupling component provides so much of the free interaction 
strength in the Nijmegen soft core potential model that suppression of that coupling 
leaves the spin-triplet dominated l"*" state unbound. An r-space approximation to 
Jiilich A is needed in order to test that model. 

To reiterate, the 0+ — 1+ energy difference does seem to result from complex 
few-body dynamics and is not a simple measure of the AA^ spin-spin interaction. 
It is possible to apply this result to understand experiments involving heavier hy- 
pernuclei. One can prescribe a scenario based upon the separable potential model 
results outlined here which may explain the failure to find a 2~ — i> 1~ 7 following the 
^^B{K~ ,7T~Y^B* reaction |^6|. The prediction of such a transition is based upon a 



shell model calculation in which the A = 4 0+ — 1+ level splitting is used to define 
the AA^ spin-spin component of the mean field A potential [^, ^. In such a mean 
field approach, the 0+ — 1+ splitting in A = 4 leads to a prediction that the state 
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ordering in ^°B is such that the ground state is 1~. The 3"^ g.s. of the target ^°B 
ensures that the 2~ state in ^^B is produced. Thus, a 7 transition from the 2~ excited 
state to the 1~ ground state should be seen. Chrien et al. observed none between 0.1 



and 0.9 MeV [36|. However, consider a cluster model in which ^^B is modeled as an 



a-a-K-p system. The a's are tightly bound. The level structure of ^°B will likely be 
determined by the spin dependence of the AA^ interaction, even though the valence 
proton lies in the p-shell while the A lies in the s-shell which reduces the role of their 
direct spin-spin interaction and brings into play spin-orbit and tensor forces. That 
is, the state ordering will likely correspond to that of the free YN interaction with 
no AA^ — UN coupling suppression. (Recall that such an assumption in the A = 4 
system gave rise to a 1+ ground state.) Therefore, one would anticipate that the 
ground state of ^J(B is likely to be 2~ (not 1~), and no 7 should have been seen in 
the experiment, because the 1~ state is not produced in the reaction. Clearly ^°B is 
an important candidate for further investigation, but it does appear that AA^ — J^N 
coupling plays an important role in the structure of A-hypernuclei. 

5. Hypernuclear Constraints 

In addition to the strong constraints that the ^H-^He isodoublet places upon 
any model of the YN interaction, |H and \B.e also constrain various aspects of the 
YN interaction. The different hypernuclei act as spin filters, emphasizing different 
components of the YN potential. 

5.1. The Hypertriton 



Because the YN interaction does not support a two-body bound state [^, as one 
can see from the scattering lengths in Table 2, the hypertriton in the S = —1 sector 
serves the function of the deuteron. The fact that Sa ~ 130 ± 50 keV suggests that 
the long range properties of this system should dominate. However, the spin-singlet 
interaction plays the dominant role in the hypertriton 



i^AV + i' 



Van - T^AAT + T^AAT > 



so that B{\H) provides a constraint primarily upon that potential component. 

AA^ — TiN coupling has been known to play an important role in ^H since the 
early calculations of Schick |^. More recently, we have explored how this translates 



into a three-body force (3BF) effect when the SA^ channel is formally eliminated [|T2 
In Fig. 1 are represented three types of diagrams that enter. In (a) we illustrate the 
usual iteration of the AA^ potential in ^H. In (b) we see what is termed the dispersive 
energy dependence of the AA^ interaction when the EA^ channel is eliminated. It is 
effectively repulsive, because the energy denominator in the S propagator becomes 

10 



Fig. 1 Schematic representation of various interactions among the YN constituents 
of ^H: a) a standard contribution to the ANN three-body equations, b) an 
energy-dependent contribution to the AA^ two-body t matrix arising from AA^ — J^N 
couphng, and c) an effective three-body force arising from AA^ — SA^ couphng. 



larger when the kinetic energy of the second nucleon is added: 

This effect is analogous to the reduction in strength of the A^A^ tensor force when one 
embeds it in nuclear matter. In (c) we find the true 3BF that results. The 3BF due to 
AA^ — SA^ coupling is actually attractive. One is led to ask whether the hypertriton 
would be bound were it not for this attraction in a realistic potential calculation. 

Miyazawa and Glockle |^ have recently completed a model calculation of ^H 



using the Jiilich OBE model A |^ . They find the system unbound. A 4% increase in 
the strength of ly^ would produce binding but would destroy the model A description 
of the YN data. This result is somewhat puzzling — the a, Tq values for the model A 
imply significant attraction in a rank-one separable potential ^H calculation: B\ ~ 1 
MeV. Why should the short range potential properties play such a significant role in 
this weakly bound system? 

5.2. The ^He Anomaly 

As discussed above, simple estimates for B^ would yield values about a factor 
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of 2 larger than the data. Model calculations confirm this [^ ^ ^ ^ |T6[. The 
anomalously small binding would appear to be due to two sources: 1) a tensor force 
is less effective in binding a few-body system than a central force with the same 
low energy two-body properties, and 2) AA^ — TiN coupling is suppressed because the 
T = 1 S must couple to T = 1 even parity states high in the a spectrum. Monte Carlo 
variational calculations for the Nijmegen soft core model support this analysis [[14 



These microscopic calculations include explicit E degrees of freedom. The NN force 
was represented by the Nijmegen '78 potential [|^ and the Urbana model 7 three- 
nucleon interaction [^] was included to better represent the ground-state properties 
of the three- and four-nucleon systems. The YN tensor force was shown to play a 
significant role; replacing the YN spin-triplet interaction by the central force spin- 
singlet intercation led to significant overbinding. In contrast to the hypertriton, it is 
the spin-triplet interaction that dominates 

1 3 

Van = ^^AAf + ^^Aiv • 

Thus, \B.e provides a significant constraint upon that potential component. 

6. The S = —2 Sector and the A^He Enigma 

The doubly-strange hypernuclei of the S = —2 sector provide another handle on 
the importance of coupling to higher-lying channels in the baryon-baryon interaction. 
The single reported event [Q is controversial |^^. However B\a — 10.6 yields a value 



of 

< V^AA >= Baa - 2fiA(iHe) 

~ 4.4 MeV , 

which is consistent with the values of 4 — 5 MeV extracted from the other two AA 
hypernuclei |]51], 0, Q. Furthermore, Hartree-Fock calculations [Q established that 



comparable Vaa and Vatv interactions were required to account for the binding energies 
of aaHg and ^He, respectively. That is, one finds 

< Vaa >a=6 — < Van >yi=4 

could account for the binding energy of both systems. The AA^ interaction is only 
weakly attractive, which implies a similar property for the AA force. The preferred 
values of the scattering length and effective range of the phenomenological AA poten- 
tial required to reproduce the binding energies of the AA hypernuclei in the analysis 
by Bodmer et al. |^9| compared to those for the AA^ system listed in Table 2 lead 
to a similar conclusion, as does the G-matrix analysis of Bando [BDI based upon the 
Nijmegen model D. 
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However, just as AA^ — SA^ coupling suppression appears to play a significant 
role in the y\^He-^H level ordering and in the anomalously small binding of ^He, we 
hypothesize that AA — EN coupling is likely to be suppressed in j^^He, so that only 
< ^A > is sampled. The AA — EN interaction lies in the same multiplet as the 
nn interaction, which almost binds. Thus, it is rather surprising that < Vaa >, as 
extracted from ^iHe, is weak by comparison. Suppression of the SN conversion is a 
prime candidate to explain this observation. One anticipates such suppression in ^^He 
because conversion from AA -^ EN in a relative ^Sq state such that the resulting EN 
pair reside in the Is shell requires excitation of the ^He core. Five nucleons cannot 
exist in the Is shell. 

Therefore, we suggest that aaHg probes primarily the diagonal element Vaa of 
the AA — EN interaction, while it would be ^^H (or aaHg) that would probe the full 
A A — EN force. The AAnp system can easily couple to ENNN in a manner that 
leaves all four baryons in the Is shell. Because ^H is bound, j^\}i will also be bound. 
If the full AA — SiV interaction strength is comparable to that of the nn interaction, 
then one could even envision a 0"*" particle-stable excited state as well as a 1+ ground 
state for ^aH- 

7. Summary 

In brief conclusion, we reiterate the important physics differences between conven- 
tional, nonstrange nuclear physics and hypernuclear physics. The few-baryon systems 
provide filters through which one can look at particular aspects of the YN interaction. 
They provide specific constraints on models of the interaction, and are particularly 
sensitive to AA^ — TjN coupling and its induced spin dependence. Furthermore, ex- 
trapolating our experience in the S* = — 1 sector to the S = —2 sector leads us to 
predict strong suppression of AA — EN coupling in all but the lightest of the AA 
hypernuclei. 

Acknowledgement 

The work of BFG and JAC was performed under the auspices of the U. S. Depart- 
ment of Energy, while that of DRL was supported in part by the U. S. Department 
of Energy under Grant No. DE-FG05-86ER40270, and that of IRA was supported by 
the Australian Research Council. BFG gratefully acknowledges a Research Award 
for Senior Scientists by the Alexander von Humboldt Stiftung which made possible 
his stay with the I. K. P. Theorie group at the Forschungszentrum Jiilich. 



13 



References 

[1] M. Juric, G. Bohm, J. Klabuhn, U. Krecker, F. Wysotzki, G. Coremans-Bertand, 
J. Sacton, G. Wilquet, T. Cantrell, F. Esinael, A. Montwill, D. H. Davis, et al. 
Nucl. Phys. B52, 1 (1973). 

[2] D. H. Davis and J. Sacton, in High Energy Physics^ Vol. II, (Academic Press, 
New York, 1967) p. 365. 

[3] D. H. Davis, Proceedings of the LAMPF Workshop on (n, K) Physics^ A. I. 
P. Conf. Proc. 224, ed. by B. F. Gibson, W. R. Gibbs, and M. B. Johnson, 
(American Institute of Physics, New York, 1991), pp. 38-48. 

[4] A. Bamberger, M. A. Faessler, U. Lynn, H. Piekarz, J. Piekarz, J. Pniewski, B. 
Povh, H. G. Ritter, and V. Soergel, Nucl. Phys. B60, 1 (1973). 

[5] M. Bejidian, E. Descroix, J. Grossiord, A. Guichard, M. Gusakow, M. Jacquin, 
M. Kudla, H. Piekarz, J. Piekarz, J. Pizzi, and J. Pniewski, Phys. Lett. B 83, 
252 (1979). 

[6] A. R. Bodmer, Phys. Rev. 141, 1387 (1966). 

[7] R. C. Herndon, Y. C. Tang, Phys. Rev. 153, 1091 (1967); 159, 853 (1967); 165, 
1093 (1969); R. H. Dalitz, R. C. Herndon, and Y. C. Tang, Nucl. Phys. B47, 
109 (1972). 

[8] B. F. Gibson, A. Goldberg, and M. S. Weiss, Phys. Rev. C 6, 741 (1972). 

[9] A. Gal, Adv. Nucl. Physics 8, 1 (1975). 

[10] J. Dabrowski and E. Fedorynska, Nucl. Phys. A210, 509 (1973). 

[11] B. F. Gibson and D. R. Lehman, Phys. Rev. C 11, 29 (1975). 

[12] I. R. Afnan and B. F. Gibson, Phys. Rev. C 40, R7 (1989); 41, 2787 (1990). 

[13] B. F. Gibson, A. Goldberg, and M. S. Weiss, Phys. Rev. 181, 1486 (1969). 

[14] J. A. Carlson, Proceedings of the LAMPF Workshop on (n, K) Physics, A. I. 
P. Conf. Proc. 224, ed. by B. F. Gibson, W. R. Gibbs, and M. B. Johnson, 
(American Institute of Physics, New York, 1991), pp. 198 - 210. 

[15] P. M. M. Maessen, T. A. Rijken and J. J. de Swart, Phys. Rev. C 40, 2226 
(1989). 

14 



[16] A. R. Bodmer and Q. N. Usmani, Nucl. Phys. A477, 621 (1988); Phys. Rev. C 
31, 1400 (1985); A. R. Bodmer, Q. N. Usmani, and J. A. Carlson, Phys. Rev. C 
29, 684 (1984). 

[17] G. Alexander, U. Karshon, A. Sliapira, G. Yakutieli, R. Engelmann, H. Filtliutli, 
A. Fridman, and A. Minguzzi-Ranzi, Phys. Rev. Lett. 13, 484 (1964); 
Phys. Rev. 173, 1452 (1968). 

[18] R. Englemann, H. Filthuth, V. Hepp, and E. Kluge, Phys. Lett. 21, 587 (1966). 

[19] B. Sechi-Zorn, B. Kehoe, J. Twitty, and R. A. Barnstein, Phys. Rev. 175, 1735 
(1968). 

[20] J. A. Kadyk, G. Alexander, J. H. Chan, P. Gaposchkin, and G. H. Trilling, 
Nucl. Phys. B27, 13 (1971). 

[21] M. M. Nagels, T. A. Rijken, and J. J. de Swart, Phys. Rev. D 15, 2547 (1977). 

[22] M. M. Nagels, T. A. Rijken, and J. J, de Swart, Phys. Rev. D 20, 1633 (1979). 

[23] J. J. de Swart, Proceedings of the U. S. - Japan Seminar on the Hyperon-Nucleon 
Interaction, ed. by B. F. Gibson, P. D. Barnes, and K. Nakai, (World Scientific, 
Singapore, 1994), pp. 

[24] R. Timmermans, Proceedings of the U. S. - Japan Seminar on the Hyperon- 
Nucleon Interaction, ed. by B. F. Gibson, P. D. Barnes, and K. Nakai, (World 
Scientific, Singapore, 1994), pp. 

[25] B. Holzenkamp, K. Holinde, and J. Speth, Nucl. Phys. A500, 485 (1989). 

[26] K. Hohnde, Nuc. Phys. A547, 255c (1992). 

[27] A. G. Reuber, K. Holinde, and J. Speth, Czech. J. Phys. 42, 1115 (1992). 

[28] A. G. Reuber, Proceedings of the U. S. - Japan Seminar on the Hyperon-Nucleon 
Interaction, ed. by B. F. Gibson, P. D. Barnes, and K. Nakai, (World Scientific, 
Singapore, 1994), pp. 

[29] M. Oka, Proceedings of the U. S. - Japan Seminar on the Hyperon-Nucleon 
Interaction, ed. by B. F. Gibson, P. D. Barnes, and K. Nakai, (World Scientific, 
Singapore, 1994), pp. 

[30] B. F. Gibson and D. R. Lehman, Nucl. Phys. A329, 308 (1979). 

[31] B. F. Gibson and G. J. Stephenson, Phys. Rev. C 8, 1222 (1973); 11, 1448 
(1975). 

15 



[32] B. F. Gibson and D. R. Lehman, Phys. Rev. C 14, 685 (1976); 15, 2257 (1977). 

[33] L. H. Thomas, Phys. Rev. 47, 903 (1935); H. A. Bethe and R. F. Bacher, Rev. 
Mod. Phys. 8, 82 (1936). 

[34] W. Stepien-Rudzka and S. Wycech, Nucl. Phys. A 362, 349 (1981). 

[35] B. F. Gibson and D. R. Lehman, Phys. Rev. C 37 679 (1988). 

[36] R. E. Chrien, S. Bart, M. May, P. H. Pile, R. J. Sutter, P. Barnes, B. Bassalleck, 
R. Eisenstein, G. Frankhn, R. Grace, D. Marlow, R. Rieder, et al. Phys. Rev. C 
41, 1062 (1990). 

[37] R. H. Dahtz and A. Gal, Ann. Phys. (N.Y.) 116, 167 (1978). 

[38] D. J. Millener, A. Gal, C. B. Dover, and R. H. Dalitz, Phys. Rev. C 31, 499 

(1985). 

[39] J. J. de Swart and C. Iddings, Phys. Rev. 128, 2810 (1962). 

[40] L. H. Schick and A. J. Toepfer, Phys. Rev. 170, 946 (1968); 175, 1253 (1968). 

[41] K. Miyagawa and W. Glockle, Phys. Rev. C 48, 2576 (1993). 

[42] B. F. Gibson, A. Goldberg, and M. S. Weiss, Phys. Rev. C 6, 741 (1972). 

[43] B. F. Gibson, A. Goldberg, and M. S. Weiss, in Few Particle Problems in Nuclear 
Interactions, (North Holland, Amsterdam, 1972), p. 188. 

[44] M. M. Nagels, T. A. Rijken, and J. J. de Swart, Phys. Rev. D 17, 768 (1978). 

[45] J. A. Carlson, V. R. Pandharipande, and R. B. Wiringa, Nucl. Phys. A401, 59 

(1983). 

[46] D. J. Prowse, Phys. Rev. Lett. 17, 782 (1966). 

[47] R. H. Dalitz, D. H. Davis, P. H. Fowler, A. Montwill, J. Pniewski, and J. A. Za- 
krewski, Proc. Roy. Soc. London A426, 1 (1989). 

[48] B. F. Gibson, A. Goldberg, and M. S. Weiss, Phys. Rev. 181, 1486 (1969). 

[49] A. R. Bodmer, Q. N. Usmani, and J. A. Carlson, Nucl. Phys. A422, 510 (1984). 

[50] H. Bando, Prog. Theor. Phys. 67, 669 (1982). 

[51] M. Danysz, K. Garbowska, J. Pniewski, T. Pniewski, J. Zakrewski, 
E. R. Fletcher, et al, Phys. Rev. Lett. 11, 29 (1963); Nucl. Phys. 49, 121 (1963). 

16 



[52] S. Aoki, S. Y. Bahk, K. S. Chung, S. H. Chung, H. Funahashi, C. Hahn, et al. 
Prog. Theo. Phys. 85, 1287 (1991). 

[53] C. B. Dover, D. J. Millener, A. Gal, and D. H. Davis, Phys. Rev. C 44, 1905 
(1991). 



17 



This figure "figl-l.png" is available in "png" format from: 



http://arXiv.org/ps/nucl-th/9411027vl 



NAN 



NAN 



NAN 






A 



y 



~\ 



C^ 



NAN 



NAN 




NAN 



(a) 



(b) 



(c) 



